Sea and land breeze circulations driven by surface temperature differences between land and sea often evolve into gravity currents with sharp fronts. Along narrow peninsulas, islands and enclosed seas, sea/land breeze fronts from opposing shorelines may converge and collide and may initiate deep convection and heavy precipitation. Here we investigate the collision of two sea breeze gravity current fronts in an analogue laboratory setting. We examine these collisions by means of 'lock-exchange' experiments in a rectangular channel. The effects of differences in gravity current density and height are studied. Upon collision, a sharp front separating the two currents develops. For symmetric collisions (the same current densities and heights) this front is vertical and stationary. For asymmetric collisions (density differences, similar heights) the front is tilted, changes shape in time and propagates in the same direction as the heavier current before the collision. Both symmetric and asymmetric collisions lead to upward displacement of fluid from the gravity currents and mixing along the plane of contact. The amount of mixing along the collision front decreases with asymmetry. Height differences impact post-collision horizontal propagation: there is significant propagation in the same direction as the higher current before collision, independent of density differences. Collisions of two gravity current fronts force sustained ascending motions which increase the potential for deep convection. From our experiments we conclude that this potential is larger in stationary collision fronts from symmetric sea breeze collisions than in propagating collision fronts from asymmetric sea breeze collisions.
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1. Introduction • S) fronts can travel as far as 400 km from 23 the coast (Clarke 1983).
24
These large inland penetrations mean that for narrow peninsulas 25 or islands, sea breezes from opposing shorelines can interact. that for enclosed seas, wind phase lines converge at gravity-wave 42 propagation speeds, which are faster than the propagation speeds 43 of land breeze fronts. For convenience, we will refer to both sea 44 and land breezes as 'sea breezes' in the remainder of this paper.
45
For sea breeze convergences, the horizontal propagation speed 46 is probably the most important factor in determining how far 47 inland a front travels and whether a collision will occur. This 48 speed is most significantly influenced by (i) the magnitude of 49 the surface temperature difference between land and sea and (ii) 50 the strength and direction of the ambient wind (e. The timing and location of the collision and its heaviest impacts 74 depend on many factors including the curvature of coastlines, 75 topographic features, soil moisture levels and the presence of land 76 breezes prior to sea breeze development (Baker et al. 2001 ).
77
We highlight two idealized numerical studies that have 78 systematically investigated specific aspects of the sea breeze 79 convergence. Xian & Pielke (1991) 
Experimental description

138
For this study gravity currents were created in a laboratory tank by 139 means of 'lock exchange' experiments, in which fluids of different 140 density were initially at rest and separated by a vertical barrier. 141
Once the barrier was removed, the denser fluid flowed along the 142 bottom of the tank into the lighter, ambient fluid.
143
The experiments were carried out in a horizontal rectangular 144 glass channel, 150 cm long and 15.5 cm wide (Figure 1 ). In all 145 experiments the channel was filled to a depth of H 0 = 20 cm. The 146 tank was illuminated from behind using a uniform light sheet, 147 and the experiments were filmed using a video camera located 148 approximately 2 m from the tank.
149
At each end of the tank a separate section, or 'lock', was made 150 using a vertical barrier, or 'lock gate' (dashed lines in Figure 1 ). 151 The locks were 20 cm long. In the locks salt (NaCl) was added 152 to the water to increase the density and thus create the horizontal 153 density differences needed for the gravity currents. densitometer.
158
Two sets of experiments were performed. The first set was 159 designed to study the influence of (relative) differences in density were conducted.
167
In the second set of experiments the depth of one of the locks 168 was half of the total depth ( Figure 1 ). This
169
set of experiments will be referred to as 'half-depth' experiments.
170
A second independent parameter, the gravity current height, was 171 introduced to the problem this way. In total fourteen half-depth 172 experiments were conducted.
173
At the beginning of each experiment, the lock gates were 
182
The dimensionless horizontal propagation speed of a gravity 183 current generated from a lock exchange is given by the Froude 184 number,
where g is the reduced gravity, H is the height of the dense fluid in 186 the lock and U the horizontal propagation speed (Simpson 1997).
187
The reduced gravity is the buoyancy between the gravity current of density ρ and the ambient fluid of density ρ 0 , defined by
where g is the gravitational acceleration. In the remainder of this 190 paper, g 1 will be used refer to the reduced gravity of the current 191
with H 1 and ρ 1 , and g 2 will be used to refer to the reduced gravity 192 of the current with H 2 and ρ 2 . In the experiments the values of 193 g 1 , g 2 < 30 cm s −1 (Figure 2a ), so that density differences are 194 less than 3%, and the flows can be considered as Boussinesq. 
We note that the Shin et al. (g heavy = higher of g 1 and g 2 ) gravity currents, it is not possible to measure vertical velocities in the current 230 experimental setup to a satisfactory accuracy, and these will hence 231 not be discussed further. The shape of the collision front (Figures 3 232 and 4, third row) will be discussed from a qualitative standpoint. 233
The maximum vertical displacement (Figures 3 and 4, fourth 234 row) and the horizontal propagation speed of the collision front 235
will be investigated quantitatively. The vertical displacements at 236
the collision front will be discussed in Section 3.2. Horizontal 237
propagation of the collision front and mixing along the collision 238 front will be discussed Section 3.3. The fronts of the gravity currents were observed to travel at 241 a constant speed until they collided. is the frame at which the fronts collide. Subsequent frames are increasing asymmetry between the colliding fronts (tilted front). In the asymmetric case the heavier gravity current (dyed blue, 330
propagating from the right) continues propagating in its original 331 direction (Figures 3b and 6b) . In region, than in the more strongly asymmetric case (Figure 8b ).
359
The horizontal propagation speed of the heavier current after 
with the reduced gravity g c based on the densities of the two 365 interacting currents:
The near-symmetric collisions (rg > 0.89, blue marks in travelling from the right, Fig. 4a ). This is in contrast with the 388 full-depth symmetric experiment in which the collision front is 389 stationary (Fig. 3a) . The collision event for two currents of equal and continues propagating in its original direction.
399
The collision front is not well-defined in the half-depth 400 experiments because of the motions generated by the lighter but 401
higher current. 
